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COVER: A sheet of plated metal is checked for uniformity of its 
coating before being accepted for ultimate use as material for NBS 


standard thickness samples. The samples are used as standards 
for calibrating instruments used to measure the thickness of electro- 
deposited coatings. (See p. 68.) 


Under NBS 


Commerce Department Technical 


Activities Realined 


The U.S. Department of Commerce has combined 
several of its scientific and technical activities in the 
interests of efficiency of operation and better service to 
science and industry. 

The activities involved include those of the National 
Bureau of Standards, the civilian technology program 
in textiles, and the Office of Technical Services (OTS). 

Under the general administration of NBS the pro- 
grams will be grouped into four institutes: Institute 
for Basic Standards, Institute for Materials Research, 
Central Radio Propagation Laboratory, and Institute 
for Applied Technology. 

Dr. Allen V. Astin, NBS Director, said the changes 
will permit more effective management, and closer 
identification of the NBS activities with the specific 
needs of science, industry, and commerce. This is par- 
ticularly important in view of the relocation of NBS, 
now in process, to new laboratories and facilities at 
Gaithersburg, Md. 

The move has been under serious study for some 
time, and involved discussions with scientific, technical, 
and industrial advisers to the Department to make cer- 
tain that the needs of the professional and business 
communities would be fully and effectively met. 

The Institute for Applied Technology brings together 
previously scattered activities related to the stimulation 
of technological progress in industry. To the industry- 
oriented NBS programs are added the civilian tech- 
nology program in textiles, and the OTS programs of 
technical information dissemination and the promotion 
of technological innovation in industry. 

The Institute for Basic Standards comprises the long- 
standing NBS programs in the field of basic measure- 
ment standards as well as the recently established 
National Standard Reference Data Program. The 
Institute conducts programs of basic measurement 
standards, which include research and services oriented 
toward the needs of the scientific and engineering com- 
munity of the nation. 
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The Institute for Materials Research will assist indus- 
try and science through research to improve understand- 
ing of the basic properties of materials, the development 
of methods of measuring the properties of materials, the 
accumulation of data on the properties of materials, and 
the provision of a standard reference material service. 

The Central Radio Propagation Laboratory, located 
at Boulder, Colo., consists of those NBS divisions 
which conduct research and provide essential services 
in this field to Government and industry. The Labora- 
tory serves as the central Federal agency for the collec- 
tion, analysis, and dissemination of information on the 
propagation of radio waves at all frequencies along the 
surface of the earth, in the atmosphere, and in space, 
and performs studies looking toward new techniques 
for the efficient use and conservation of the radio 
spectrum. 

Overall direction of the National Bureau of Stand- 
ards will be the responsibility of Dr. Allen V. Astin, 
assisted by the Deputy Director, Dr. I. C. Schoonover. 
Directors of three of the four Institutes are also long- 
time members of the NBS staff: Dr. R. D. HUNTOON is 
Director of the Institute for Basic Standards; Dr. I. C. 
ScHOONOVER, Acting Director of the Institute for Ma- 
terials Research; and Dr. C. G. Litt Le, Director of the 
Central Radio Propagation Laboratory. 

Joining the NBS staff as Director of the Institute of 
Applied Technology is Dr. Donald A. Schon, formerly 
Director of the Office of Technical Services. Prior to 
joining the Department of Commerce, Dr. Schon was 
for six years director of a product development group 
at Arthur D. Little, Inc. During this period he served 
as consultant to a number of companies, including 
RCA Whirlpool, H. W. Lay, Monsanto, and Pillsbury. 
In addition to a number of papers in his field, he has 
published a book on invention and discevery, Displace- 
ment of Concepts. Born in Boston in 1930, Dr. Schon 
received his B.A. from Yale and his M.A. and Ph. D. 
from Harvard. He taught at both the University of 
California and the University of Kansas City. 
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NBS Adopts 
International System of Units 


TO FACILITATE the exchange of scientific data, the 
Bureau has adopted the International System of Units 
for use by its staff. Henceforth the Bureau will em- 
ploy this system of units in all its publications except 
where use of these units would obviously impair com- 
munication or would reduce the usefulness of a report 
to the primary recipients. Standards and measuring 


devices whose nominal values are in customary U.S. 
units, like inches, pounds, and gallons, will continue to 
be calibrated in terms of those units. 

The International System of Units (designated SI, for 
Systéme International d’Unités) was defined and given 
official status in a resolution of the 11th General Con- 
ference on Weights and Measures which met in Paris 
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Quantity Unit Symbol 
Elemental units 
Length meter m 
Mass kilogram kg 
Time second 8 
Electric current ampere A 
Temperature degree Kelvin °K 
Luminous intensity candela cd 
Supplementary Units 
Plane angle radian rad 
Solid angle steradian sr 
Derived Units 
Area square meter m? 
Volume cubic meter m3 
Frequency hertz Hz (8!) 
Density kilogram per cubic meter kg/m 
Velocity meter per second m/s 
Angular velocity radian per second rad/s 
Acceleration meter per second squared m/s? 
Angular acceleration radian per second squared rad/s? 
Force newton N (kg-m/s?) 
Pressure newton per sq meter N/m? 
Kinematic viscosity sq meter per second m?/s 
Dynamic viscosity newton-second per sq meter N.-s/m? 
Work, energy, quantity of heat joule J (N-m) 
Power watt W (J/s) 
Electric charge coulomb C (A-8). 
Voltage, potential difference, volt V (W/A) 
electromotive force 

Electric field strength volt per meter V/m 
Electric resistance ohm Q (V/A) 
Electric capacitance farad i (A-8/V) 
Magnetic flux weber Wb (V-s) 
Inductance henry H (V-s/A) 
Magnetic flux density tesla T (Wh/m?) 
Magnetic field strength ampere per meter A/m 
Magnetomotive force ampere A 
Luminous flux lumen lm (ed:sr) 
Luminance candela per sq meter cd/m? 
Illumination lux Ix (lm /mz?) 
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Multiples and 


Submultiples Prefixes Symbols — Pronunciations 
102 tera T tér’a 
10° giga G ji’ ga 
10° mega M még’a 
10: kilo k kil’d 
102 hecto h hék’td 
10 deka da dék’a 
1071 deci d dés’i 
107 centi c sén’ti 
1073 milli m mil i 
107° micro bu mi’ kré 
10° nano n nan’d 
10-2 pico Pp pe’ cd 
105% femto f fém’ td 
19% atto a at’ td 


in October 1960.1. The SI is based on the following 
units: the meter (m) as the unit of length; the kilo- 
gram (kg) for mass; the second (s) for time; the 
ampere (A) for electric current; the degree Kelvin 
(°K) for temperature; and the candela (cd) for lumi- 


accuracy of 


nous intensity. Of these units, those for mass, length, 
time, and temperature are independent; that is, a defi- 
nition of one does not depend on definitions of the 
others. However, the ampere and the candela involve 
other units in their definitions. 

Some of the more frequently used units of the SI 
and their symbols are listed on p. 61. 

In the International System there is one and only 
one unit for each quantity, although multiples and 
submultiples of each unit may be designated by the 
prefixes approved by the 11th General Conference on 
Weights and Measures. These prefixes and symbols 
have been in use at the Bureau for some time.” The 
International Committee on Weights and Measures (the 
executive body of the General Conference on Weights 
and Measures) added the two prefixes atto and femto 
at its annual meeting in 1962. In all probability these 
two designations will be adopted by the next General 
Conference on Weights and Measures in October 1964. 
The complete table of prefixes is given at left. 


* Actions of the 11th General Conference on Weights 
and Measures, NBS Tech. News Bull. 44, 199 (1960). 
* See 1962 meeting of the International Committee on 
Wine and Measures, NBS Tech. News Bull. 47, 29 
1963). 


Spectral Transmittance Standards 


THE BUREAU recently investigated the accuracy of 
the spectral transmittance filters it maintains as cali- 
bration standards. Duplicate sets of these filters are 
issued to other laboratories for checking the perform- 
ance of spectrophotometers. The measurements ob- 
tained in the investigation showed that the spectral 
transmittance values of the NBS standards at some wave- 
lengths differed slightly from previously assigned val- 
ues but not by amounts exceeding the small uncer- 
tainties inherent in such measurements. These findings 
indicate that duplicate sets of the standards may be 
relied upon to give good results provided they are used 
under normal service conditions.' 

With the advent of photoelectric spectrophotometers 
a number of years ago the Bureau designed colored 
glass filters (selenium red, carbon yellow, copper green, 
and cobalt blue) for checking the photometric scales 
of these instruments across the visible spectrum.? At 
the time of their development, it was anticipated that 
the spectral transmittances of the filters would not vary 
significantly with time. However, disparate results 
obtained in recent recalibrations of duplicate filters in- 
dicated a possible drift in the values assigned to the 
NBS standards. H. J. Keegan, J. C. Schleter, and 
M. A. Belknap of the Bureau staff therefore undertook 
the present work to redetermine these values. 

Measurements of the spectral transmittances of the 
standards were made at selected wavelengths on three 
different spectrophotometers under controlled tempera- 
ture conditions. At least two sets of measurements 
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investigated 


were made for each standard on each instrument. 
Stray energy filters were employed to increase the 
accuracy of readings made visually at wavelengths near 
the two ends of the spectrum and at wavelengths of low 
transmittance. 

The spectral transmittance values thus found were 
weighted according to the known capabilities of the 
instruments and then averaged for each standard at 
each wavelength. The uncertainties of the values were 
estimated to be approximately three times the stand- 
ard deviation of the adopted values. Comparison of 
the new values with those derived from earlier evalu- 
ations generally showed differences in only the third or 
fourth decimal place. In other words, the differences 
were of the order of magnitude of the estimated uncer- 
tainties. It therefore appears that the NBS standards 
have remained virtually constant over the years. 

The duplicate filters submitted for recalibration were 
subsequently investigated. It was found that their 
transmittances had been altered because of exposure to 
excessive radiation during use. 


1 For further technical details, see Recalibration of the 
NBS glass standards of spectral transmittance, by H. J. 
Keegan, J. C. Schleter, and M. A. Belknap, J. Res. NBS 
67A (Phys. and Chem.), 577 (1963). 

2 For information on fees for NBS calibration serv- 
ices, see NBS Misc. Publ. 250, Calibration and Test Serv- 
ices of the National Bureau of Standards, available from 
the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C., 20402 (70¢). 
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Ultrasonic Thermometer Film Available 


A 4-minute, 16mm film with sound, entitled THE 
ULTRASONIC THERMOMETER, has been produced by and 
is available from the National Bureau of Standards. 

Science badly needs an acceptable temperature scale 
in the 4. to 14 degree Kelvin range; this film describes 
the NBS-developed ultrasonic thermometer that is ex- 
pected to make the establishment of such a scale possi- 
ble. This thermometer, operating at a fixed frequency 
and over a variable pathlength, measures the length 
of sound waves in contained helium. Under these con- 
ditions, the helium gas resonates each time the separa- 
tion between the source quartz crystal and the opposed 
reflecting surface is equal to an integral number of half 
wavelengths. The speed of the sound in the helium gas 
is equal to the product of the operating fixed frequency 
and the experimentally determined wavelength. 


on Free Loan 


When an isothermal plot of speed versus pressure 
of the helium gas is extrapolated, the speed of sound 
in an ideal gas is the resulting intercept at zero pressure. 
The temperature of the helium gas can then be 
calculated. 

This film briefly presents theory and operation of 
the thermometer, and indicates its probable use as a 
reference standard in its range. It is suitable for audi- 
ences of working scientists, college science students, 
and special science students in senior high school. 

Prints are available on a loan basis at no cost to the 
borrower other than payment of return postage and 
insurance. Write to the Office of Technical Informa- 
tion, National Bureau of Standards, Washington, D.C., 
20234. The same office will answer queries as to pur- 
chase of prints. 


Precision Measurement Seminars Completed 


Five Precision Measurement Seminars conducted by 
the Bureau have been completed, and from the reaction 
of attendees and the Bureau staff involved, they appear 
to have been quite worthwhile. Feedback to the Bu- 
reau from both those who attended the seminars and 
officials of the organizations who sent them (including 
industry, government, and academic) indicated that 
the participants—and ultimately the groups they repre- 
sented—benefited from their attendance. 

Seminars at NBS Boulder dealt with attenuation 
measurements at communications frequencies and fre- 
quency comparison techniques; those at Washington 
were on acoustical measurements, length measurements, 


Members of the Attenuation Measurements Seminar 
group watch as George Connas of the Microwave Atten- 
uation Services Section at Boulder demonstrates the use 
of a reflectometer as a means of lowering the standing 
wave ratio of a transmission line used in the measure- 
ment of attenuation at microwave frequencies. 


and precision and accuracy in measurement and cali- 
bration. The purpose of the series was to give senior 
measurement personnel an opportunity to become ac- 
quainted with the techniques in use at the Bureau. 
Although no plans for future measurement semi- 
nars have been formulated as yet, the favorable reaction 
to this first series indicates a strong possibility of more 
being held at a later date. Information on possible 
future seminars will be made by announcements in this 
column and will be distributed to the technical press. 


D. Spangenberg (right) of the Bureau assists several 
members of the Length Seminar in the measurement of 
the angles of a polygon. 


TWO NEW research techniques developed at the Bu- 
reau provide a powerful double-edged tool for explor- 
ing atomic structure. Through application of these 
techniques, a field of physics until now relatively unex- 
plored is being opened to accurate and significant 
investigation. Already new atomic energy levels in 12 
substances, including all the rare gases, have been dis- 
covered. Many of these levels belong to previously 
unknown negative ions. Other atomic data can now 
be obtained which are of great importance to space 
and chemistry research, thermonuclear control, and 
studies of the upper atmosphere. 

One of the new techniques, developed by R. P. Mad- 
den and Keith Codling, makes use of the unique 
properties of the very-short-wavelength ultraviolet light 
produced by the Bureau’s synchrotron. This light is 
similar to the ultraviolet light emitted by the sun, but it 
is in a part of the solar spectrum that is absorbed by the 
atmosphere and thus never reaches the earth’s surface. 
The other technique—devised by J. A. Simpson, C. E. 
Kuyatt, and S. R. Mielczarek—is a means of accelerat- 
ing and controlling electrons so that they travel at 
nearly identical speeds. Theoretical studies by U. Fano, 
J. W. Cooper, and F. Prats have provided rapid inter- 
pretation of the results obtained by both techniques. 


Right: J. Arol Simpson adjusts the controls of an elec- 
tron spectrometer developed at the Bureau to provide 
a source of monochromatic electrons in the energy range 
from 1 to 100 eV. With these electrons as the excit- 
ing source, scientists can study any substance that is a 
vapor at a temperature below about 400 °C. The in- 
strument is surrounded by Helmholz coils that eliminate 
stray magnetic fields. 


Lower right: Experimental arrangement 
for utilizing the far ultraviolet radia- 
tion, or “synchrotron light,’? from the 
NBS 180-MeV synchrotron. The photon 
beam is extracted from the synchrotron 
along the tangent section. In this sec- 
tion, two baffles prevent light scattered 
within the silvered interior of the toroid 
from entering the viewing slit. The 
valve retains a vacuum in the toroid 
while spectrographic plates are changed, 
or similar work is underway on the 
spectrograph. Part of the photon beam 
is deflected into the amplifying-counting Ha OB em 
system, which acts as an exposure index. 


VACUUM TOROID 


ELECTRON ORBIT 


This system replaces the usual timing 
mechanism because the index must be 
proportional to the electron current, 
which varies with time. The gas to be 
studied is introduced into the spectro- 
graph behind the viewing slit. Gas leak- 
ing through the slit in the direction 
of the toroid is removed by the 4-in. dif- 
fusion pump. The gage reflects the 
pressure within the spectrograph; this 
pressure is controlled with the 2-in. 
diffusion pump. 
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Exploring Atomic Structure 


Left: Closeup of the electron spectrometer. The cylinder 
at left contains an electron gun. Electrons from the 
gun pass through the spherical deflector (large cylinder 
to the rear of the gun), which selects electrons within 
the desired narrow band of energy. These deflected 
electrons interact with the gas under study in the cham- 
ber at lower center. The electrons leaving the inter- 
action chamber are analyzed in the large front cylinder 
and are then collected in the smal] cylinder at the right. 
At the top is one end plate of the vacuum chamber. 


Through use of this double-edged tool, physicists 
are for the first time able to study effectively the excita- 
tion of atoms and molecules in the intermediate energy 
range. In this range, excited electrons have enough 
energy to dissociate themselves from atoms or mole- 
cules, but the atoms and molecules often remain in 
characteristic energy levels for an appreciable time be- 
fore ionization takes place. This “intermediate range” 
extends from energies of roughly 10 to 1000 electron 
volts (eV). It thus lies between the lower range in- 
volved in the activation of common chemical reactions 
and the higher energies involved in nuclear and x-ray 
phenomena, which extend from billions of electron volts 
down to a few thousand. 

In the past, research on the properties of atoms and 
molecules has been hampered by lack of sources of elec- 
trons and photons with well-defined, controllable ener- 
gies in the intermediate range. The chemical, and par- 
ticularly the petroleum, industries have been devoting 
considerable effort to research in the intermediate 
energy range for two main purposes: (1) to analyze 
the structure of complex molecules through their dis- 
sociation products, and (2) to explore the potential of 
chemical reactions induced by nuclear radiation. (The 
ionizing radiations from atomic sources provide chem- 
ical activations most frequently in the intermediate 
range. ) 

The two techniques developed at the Bureau provide 
electrons and photons in this range. Thus the prop- 
erties of atoms and molecules in the intermediate energy 
range can now be studied by observing the effects of 


Fil BL ing a £ [ their collisions with such electrons or photons. The 
AAV Utero : specific developments that have resulted in the two new 
were ie! o. techniques are: First, a modification of the Bureau’s 


180-million electron-volt (MeV) synchrotron has made 
it possible to extract the very-short-wavelength ultra- 
violet light generated by the electrons in this ma- 
chine—with photons having energies up to and beyond 
100 eV—and to study the absorption of this light by 
various materials. Second, NBS studies in electron 


Left: R. P. Madden (left) adjusts the automatic pressure 
controller on advice from Keith Codling, who has just 
read the pressure gage that connects directly with the 
interaction chamber. After the pressure has reached 
equilibrium, the synchrotron is operated remotely. At 
upper right under the dark cover is the 3-m vacuum 
spectrograph specially constructed at the Bureau for 
use in these studies. 
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HELIUM 


Left: Electron spectrograms show the new energy levels recently dis- 
covered in the rare gases helium, xenon, and argon. The vertical scale 
of the graphs is proportional to the number of initially monoenergetic 
electrons that have lost energy in passing through and being scat- 
tered by the various gases. The horizontal scale shows the amount of 
energy that has been lost. Each localized structure in the curve cor- 
responds to a resonance produced by the interference between a dis- 
crete atomic state at that energy and the continuum. The short dashes 
above the curves correspond to those resonances observed by absorption 
of photons from the NBS synchrotron. It will be noted, especially in 
argon, that the electron curves show structure which does not cor- 
respond to photon resonances. These structures, which have not been 
previously observed, correspond to resonances in which the state in- 
volved, because of optical selection rules, cannot be excited from the 
ground state by photons. 


27 28 29 »” 3l 32 33 34 
ELECTRON VOLTS 


optics have led to the development of an electron spec- 
trometer that produces electron beams monochromatic 
to within 0.02 eV. These electron beams have energies 
of 1 to 100 eV and represent electric currents of 10 to 
100 nanoamperes (nA). 

The initial result of NBS work is the discovery and 
partial analysis of a profusion of new energy levels. 
This process of discovery and analysis is still continu- 
ing at a rapid rate. In fact, speed of discovery has been 
an outstanding feature of the program; important re- 
sults have frequently been obtained within hours of 
the start of a new phase of investigation. Fortunately, 
Bureau scientists had been studying the theory of the 
action of radiation on atoms for many years, and for 
the past few years some of this theoretical work was 
aimed specifically at the intermediate energy range. 
The Bureau is thus in a favorable position to interpret 
the new observations in terms of atomic structure. 

This information on atomic structure is of great im- 
portance (1) to space research because the light used 
in the experiments is the same as that encountered by 
satellites and space probes; (2) to the study of the con- 
trol of nuclear fusion; (3) to increasing our under- 
standing of the nature of the earth’s upper atmosphere, 
which in turn may lead to improvement in long-dis- 
tance radio communications. Thermonuclear plasmas, 
stellar atmospheres, the earth’s outer atmosphere, and 
materials traversed by electrical discharges all normally 
contain atoms excited in the intermediate energy range. 
As yet, however, none of these phenomena have. been 
fully analyzed at the atomic level for lack of adequate 
research tools. 
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The Bureau is anticipating broad general applica- 
tion of the new techniques it has developed and the 
results it has obtained through their use. To this end, 
the Bureau will encourage cooperative research pro- 
grams with other laboratories to facilitate general dis- 
semination of the new results and the new technical 
competence. 


Absorption Studies With Synchrotron 
Photons 


Over the last 100 years, spectroscopists have learned 
a great deal about the electronic structure of the atom 
by studying the nature of the energy it emits or ab- 
sorbs as its structure is disturbed by an external in- 
fluence. Until recently, both the disturbing influence 
and the emitted or absorbed energy have been in the 
form of light. However, as light becomes shorter in 
wavelength, it is increasingly difficult to generate and 
to measure. Thus until now relatively little progress 
has been made in studying atomic properties involving 
absorption in the far ultraviolet near the x-ray region. 

Members of the high-energy radiation laboratory 
recently modified the NBS 180-MeV electron synchro- 
tron by inserting a tangent tube through which the light 
radiated by the orbiting electrons could be extracted 
from the vacuum toroid (see schematic). The radia- 
tion produced in the modified synchrotron is an in- 
tense source of photons in the far ultraviolet region. 
This “synchrotron light,” from electrons accelerated 
to 0.999994 times the speed of light in a vacuum, has a 
continuous energy distribution up to approximately 
165 eV and is highly polarized. The characteristics of 
this radiation have been studied in detail. 

In the recent experiments, photons at energies of 
interest are passed through the gas under study, and 
the wavelength distribution of the emergent radiation 
is analyzed to determine the photon energies absorbed 
by the gas atoms. The energy analysis is performed 
with a vacuum spectrograph specially constructéd at 
the Bureau for use in these experiments. This: in- 
strument utilizes a concave diffraction grating, with a 
3-m radius of curvature, in a grazing incidence mount- 
ing. 

Gases studied thus far are helium, neon, argon, kryp- 
ton, xenon, and molecular oxygen in the energy range 
of 20 to 165 eV. The absorption of the synchrotron 
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Right: Wavelength variation of the absorption which 
occurs when the “synchrotron light” radiation is passed 
through the gases helium, neon, and argon. (Increased 
blackness indicates increased absorption.) These gases 
absorb continuously in this spectral region; however, dis- 
crete resonances in the continuous absorption are evi- 


dent. These resonances are due to the existence of ' 


states of these atoms which are higher in energy than 
that required to ionize the atoms. The spectral width 
of the resonances indicates that the atoms remain in 
these high-energy states for only a short time—termi- 
nated by the ionization of the atoms. The interference 
of these discrete states with the ionization continuum 
states is responsible for the unusual shape of the 
resonances. 


radiation by these gases was studied for photon ener- 
gies greater than that required to ionize the atoms. In 
addition to the expected continuous absorption in this 
energy range, many sharp changes or “resonances” in 
the absorption were found. These changes are charac- 
teristic of the atoms in the gas. Hundreds of previously 
unknown resonances have been observed in the absorp- 
tion spectra of the rare gases. 

Careful determination and comparison of the ener- 
gies at which these resonances occur show that they are 
caused by either of two types of interaction between 
the incident photons and the atomic electrons. The 
first type is characterized by the simultaneous excita- 
tion of two atomic electrons by a single photon, a spe- 
cial situation to which little attention has been devoted 
previously. In general, this situation can last only a 
short time (10-1* to 10-4 sec), as the atom absorbs 
more than enough energy to eject one electron. Thus 
the atom ionizes and the ejected electron carries away 
a considerable amount of kinetic energy (autoioniza- 
tion). 

The second observed type of interaction between the 
incident photon and the atomic electrons is charac- 
terized by the excitation of inner shell electrons to 
energetic outer orbits. In ordinary optical interac- 
tions, the absorption of photons causes only the outer 
electrons to transfer to orbits of higher energy. The 
excitation of inner electrons to such states requires, in 
general, more energy than that required for ionization 
of the outer electrons. These states also are short- 
lived, resulting once again in the autoionization of the 
atom. This second type of interaction of photons with 
atomic electrons is similar to that produced by high- 
energy x-ray radiation. However, different electrons 
are excited by intermediate-energy photons, and there- 
fore new and previously unavailable information about 
atomic energy states is being obtained. 


Interaction Studies With Monochromatic 
Electrons 


The same information obtainable from optical spec- 
troscopy can be obtained when electrons instead of 
photons are the exciting particles. Here, however, in- 
stead of difficulty in studying a particular energy range, 
scientists have had difficulty in studying any energy 
range in sufficient detail; i.e., with high enough reso- 
lution to obtain the desired information. This dif_i- 
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culty—a consequence of the fact that electron optics 
dates only from the early 1930’s and cannot compete 
in sophistication with its prototype, visible optics—has 
now been eliminated. 

The Bureau has developed an electron spectrometer, 
not much larger than a shoebox, which in some energy 
ranges is superior to the best optical instrument, and 
which has sufficient resolution throughout the ultra- 
violet range that its results can be correlated with pre- 
viously obtained data. This instrument is capable of 
resolving and detecting with satisfactory signal-to-noise 
ratio the energy states near 60 eV that result from the 
simultaneous excitation of two electrons out of the 
helium ground state. With the mere turn of a knob, 
the instrument can be made to sweep the entire spectrum 
from this point to within less than 1 eV above the 
ground state and to an upper limit set only by the en- 
ergy used to excite the atoms. In this matter of use- 
ful range the instrument is unique. 

An additional advantage of the electron spectrometer 
over any photon spectrometer is that one can observe 
all energy states above the ground state regardless of 
whether transitions to the ground state are “optically 
allowed” or not. This feature arises from the fact 
that the probing particle, the electron, carries spin and 
angular momentum and hence can help satisfy the 
conditions imposed by the conservation laws on these 
quantities. When the apparatus is operated in such a 
manner that the total scattering cross section of the 
atom is displayed, excited states of the negative ion of 
the target atom can be seen as sharp discontinuities in 
this cross section. These states, which exist only be- 
cause of the presence of the incident electron in the near 
vicinity of the atom, have been found in all the rare 
gases, in molecular hydrogen and deuterium, and in 
mercury. They appear to constitute a hitherto un- 
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known but generally occurring phenomenon whose role 
in physics and chemistry is yet to be explored. _ 

The simplicity and comparatively low cost of the 
apparatus make possible the study of the energetics 
of corrosive gases; and, in fact, of any substance that 
is a vapor at a temperature below about 400 °C; the 
maximum temperature allowed by the materials of con- 
struction. The ultraviolet absorption spectra of both 
water and mercury (two notoriously difficult sub- 
stances) have been investigated without special pre- 
cautions or problems. 


Theoretical Developments 


These experiments in which atoms (or molecules) 
are bombarded by photons or electrons can be de- 
scribed by theory in a common language and from a 
common point of view. In both cases the atom and 
the incident photon or electron form a combined system 
which has sufficient energy to dissociate, often in alter- 
native forms. The yield of one or another kind of reac- 
tion is observed as a function of the bombarding en- 
ergy, that is, of the total energy of the combined system. 
Sharp variations of this yield occur at characteristic 
energies. These variations, called “resonances,” are 
attributed to the transient formation of a characteristic 
energy level. 
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THE BUREAU, through its standard materials 
program, provides standard thickness samples for cali- 
brating instruments used to measure the thickness of 
electrodeposited coatings. Four combinations of mag- 
netic and nonmagnetic basis-metal and coating-metal 
standards are available; the coatings range in thick- 
ness from 0.1 to 80 mils. 

Many metals manufactured in this country are clad 
or coated with another, usually more expensive, metal 
to obtain special surface properties such as corrosion 
resistance, wear resistance, or improved appearance. 
For process control and inspection of the finished 
products, rapid, reliable procedures for measuring the 
thickness of these metallic coatings have been devel- 
oped.t Devices employed to measure coating thickness 
must be calibrated with standards havings coatings of 
known thickness. The Bureau, in keeping with one of 
its primary responsibilities—maintaining standards of 
measurement—has, for many years, provided such 
coating thickness standards. 
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An unexpected feature of double excitations emerged 
in the very first effort to classify newly observed levels 
of helium atoms. Usually, classification begins by 
assigning a specific degree of excitation to each electron. 
However, this description was found inappropriate for 
doubly excited helium atoms where the two electrons ex- 
change excitation readily. The motion of these elec- 
trons is suitably classified, instead, by their ability to 
oscillate in a radial direction either in step with one 
another or completely out of step. States of in-step 
oscillation can form and decay fairly readily; the out- 
of-step states are so difficult to produce and detect that 
they have not yet been identified. 

Many of the new states of double excitation dis- 
covered with the electron spectrometer result from the 
capture of incident electrons by neutral atoms or mole- 
cules, and thus these states belong to negative ions. 
Atoms with an unfilled outer shell in their ground state 
have been known to capture electrons and thus form 
stable negative ions. It now is known that excitation 
of any atom automatically makes room for an addi- 
tional electron to join the excited atomic electrons; the 
same electron that produces the excitation is captured if 
its energy is just right. The main problem is to formu- 
late stability criteria with which to predict possible new 
states. 


STA WED & FG ED 
RMELATERIAAL® 


Standard Thickness Samples 
of Plated Coatings 


The four types of thickness standards available (see 
table 1) are Type I, a copper coating on steel; Type 
II, nickel on steel; Type III, nickel on a brass base; 
and Type IV, composite coatings (copper and nickel) 
on steel. The thickness of the coating on each of these 
samples is within +5 percent or +0.00003 in., which- 
ever is greater, of the thickness printed on the card 
holding the sample. 

These standards were originally developed for use 
with thickness gages of the magnetic type which, in 
effect, measure the force required to pull a magnet from 
the surface of the specimen. If the specimen is steel, 
coated with any nonmagnetic coating (metal, plastic, 
ceramic, paint, etc.), the magnetic pull on the magnet 
depends on the distance of the magnet from the steel; 
i.e., the thickness of the coating. Nickel coatings on 
nonmagnetic materials (usually brass in commercial 
practice) offer an inverse situation. Here, the nickel 
coating is magnetic and the pull on the magnet depends 
on the thickness of the nickel layer. For nickel coat- 
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This card of standard thickness samples, shown slightly 
smaller than actual size illustrates one range of thickness 
standards available from the Bureau. 


ings on steel, the measurement depends on the fact that 
nickel is not as magnetic as iron and variations in its 
thickness will still change the pull on the magnet, though 
according to a different relationship. 

Other magnetic gages depend on the measurement 
of the reluctance of a magnetic circuit which is formed 
when a magnet is placed on the specimen. The stand- 
ard thickness samples are equally satisfactory for these 
gages. 

Some commercial coating thickness gages, however, 
make use of electrical or other properties of the coat- 
ings which are aside from the magnetic properties. 
The NBS standards should therefore not be used in- 
discriminately without first considering the pertinent 
properties involved. 

In preparing the specimens, 9X 18-in. sheets of the 
basis metal, 0.032 in. thick, are cleaned and fastened 
to one side of a bakelite board. The assembly is then 
processed through the proper plating cycle under se- 
lected conditions that produce a deposit of the desired 
thickness. At the end of the plating period, the sheets 
are rinsed, dried, buffed, and checked for uniformity 
with a magnetic thickness gage.2* This inspection 
must show a plating thickness uniformity of at least 
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Louis Jackel inspects sheets of steel that are being 
copper plated in preparing NBS coating thickness stand- 
ards. After attaining the desired coating thickness, the 
sheets are buffed, checked for uniformity, cut into 1.2-in. 
squares, and mounted on cards for distribution. 


+5 percent or 0.00003 in., whichever is greater, for 
the sheet to be acceptable. 

The magnetic permeabilities of nickel deposits vary 
to some extent according to the conditions of deposition. 
When the thickness of nickel deposits on nonmagnetic 


TaBLE 1. Standard thickness samples of electrodeposited 
coatings ! 
Type Basic Coating Thickness 
metal range 2 
in. 
I. Nonmagnetic Steel Copper? | 0 to 0. 08 
coating on steel 
II. Nickel on steel Steel Nickel 0 to 0. 002 
IIL. Nickel on non- | Brass Nickel #4 | 0 to 0. 001 
magnetic base 
IV. Composite Steel Copper+ | 0.0005 to 0. 0025 


coatings nickel 


1 These samples have, within +5 percent or +0.00003 in., 
whichever is greater, the certified thickness. 

2 Within the range indicated, only certain nominal thick- 
nesses are available. (See table 2.) Additional information 
may be obtained from the Electrolysis and Metal Deposition 
Section of the National Bureau of Standards. 

3 These samples have an outer layer of chromium about 


0.00001 in. thick, which, when appropriate, is included in the 


designated thickness. ; 
4 These samples have been annealed at 400 °C for 30 min. 
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basis materials is measured with the magnetic thick- 
ness gage, this difference in permeability is somewhat 
critical, and the deposits must be heat treated. Heating 
at 400 °C for 30 min causes nearly all nickel deposits 
to acquire a similar magnetic permeability. In the 
case of nickel deposits on magnetic basis materials, such 
as steel, the differences in magnetic permeability of the 
nickel deposits are not significant and these combina- 
tions are not heat treated. 

If the coating is of Type I or Type III, the face of 
the sheet is coated with a layer (about 0.00001 in.) of 
tarnish- and abrasion-resistant chromium. Such a 
coating is not necessary on nickel surfaces that are 
not heat treated. 

After the final plating and inspection, each sheet is 
ruled on the back into 1.2-in. squares, leaving a margin 
of about an inch around the edge of each sheet, which 
is later discarded. Each square is marked on the back 
to identify the sheet, coating, and approximate thick- 
ness; then the sheet is cut into squares to form the 
standard samples which are then individually gaged. 

Approximately 1 out of every 25 samples produced is 
measured by a separate, independent means as a check 
on the overall accuracy of the process. The area and 
weight of each selected square are measured precisely, 
and the plated coating is removed chemically or electro- 
chemically. After drying, the stripped square is 
weighed again. The loss in weight represents the 
weight of the coating. In some cases the coating is 
dissolved and analyzed chemically. Assuming uniform 
thickness, the average thickness of the coating metal 
can then be calculated for that particular sample. 

As the final step in preparing these standard ma- 
terials, the squares are cemented either singly or in 
groups of four to prepared cards and the coating thick- 
ness of each is printed beneath the specimen. A charge 


Taste 2. Nominal thicknesses of plated-coating samples in 


inches 
Type IV (50 
Type I Type IT Type III copped 500%" 
nickel) total 
thickness 

0. 00025 0. 00012 0. 00012 0. 0005 

. 00050 . 00035 . 00035 . 0010 

. 00075 . 00055 . 00065 . 0016 

. 0010 . 00075 . 0010 . 0025 

. 0015 . 0010 

. 0020 . 0013 

. 0025 . 0016 

. 0032 . 0020 

. 0055 . 0025 

. 008 

. 010 

.015 

. 020 

. 025 

. 03 

. 04 

. 06 

. 08 


of $4 is made for single specimens, or a set of four 
specimens on a card can be obtained for $15. Requests 
for these specimens should be sent to the Test Adminis- 
trator, National Bureau of Standards, Washington, D.C., 
20234. 


1For further information on electronic instruments 
developed at NBS for thickness measurements, see Three 
electronic thickness gages for metallic coatings, NBS 
Tech. News Bull. 38, 127-132 (Sept. 1954). 

? Magnetic method for measuring the thickness of non- 
magnetic coatings, by Abner Brenner, J. Res. NBS 20, 
357-368 (Mar. 1938). 

* Magnetic method for measuring the thickness of 
nickel coatings on nonmagnetic base metals, by Abner 
Brenner, J. Res. NBS 18, 565-583 (May 1937). 


Soviet Metrologists End Visit 


The month-long (January 8 to February 2, 1964) 
visit of five Soviet metrologists to the United States has 
ended on a note of increased U.S.—U.S.S.R. cooperation 
in the field of precision measurement. Before leaving 
this country the Soviet delegatign agreed in principle 
with the Bureau on the desirability of the following 
cooperation: 

(1) Exchange of data on observations of standard 
time and frequency signals from various radio stations. 
The frequency of the received signals would be ob- 
served in terms of atomic frequency standards (atomic 
clocks) maintained by the U.S.S.R. and the United 
States. Subsequent comparison of results would give 
information on the agreement of the atomic standards 
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separately maintained by the two countries. Such in- 
formation is especially important in view of the im- 
pending redefinition of the world standard of time in 
atomic terms." 

(2) Exchange of calibration information to com- 
pare various electrical and electronic quantities as 
measured in the two countries. Among the quantities 
are radiofrequency power, attenuation, and noise; ca- 
pacitance; a-c—d-c transfer. 

(3) The regular exchange of publications of the 
National Bureau of Standards and the U.S.S.R. Com- 
mittee on Standards, Measures, and Measuring Instru- 
ments. 
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A five-man team of Soviet metrologists recently spent a month visiting measurement installations in this country. 
The Bureau acted as official hosts for the visit. Here, Dr. A. V. Astin, NBS Director (3d from right), meets with the 
Soviet delegation, Y. A. Atanov, M. K. Zhokhovskiy, L. M. Zaks, A. I. Ivlev, and V. O. Arutyunov (/eft to right). A 
seven-man U.S. team made a similar visit to the U.S.S.R. last summer. 


It was recommended that the measurement ex- 
changes be coordinated through the International Bu- 
reau of Weights and Measures. 

The Soviet visit was made under an agreement 
whereby measurement teams were exchanged between 
the two countries. The Bureau acted as official host to 
the Soviet team, and the general provisions under 
which the exchange was made were set forth in an 
agreement between the two countries negotiated for the 
United States by the State Department. 

The Soviet team consisted of: 


A. I. Ivtev—Deputy Chairman, State Committee on Stand- 
ards, Measures, and Measuring Instruments; 

V. O. Arutyunov—Head, All-Union Scientific Research In- 
stitute of Metrology (Mendeleev Institute), Leningrad; 

L. M. Zaxs—Deputy Director, All-Union Scientific Research 
Institute of Physic-Technical and Radio-Technical Meas- 
urement; 

M. K. ZHoxHovskty—Head of section, All-Union Scientific 
Research Institute of Physic-Technical and Radio-Tech- 
nical Measurement; and 

Y. A. Atanov—Low temperature physicist and interpreter. 


In June of 1963 a seven-man team from the United 
States made a similar visit to the Soviet Union.2. The 
U.S. team was headed by W. A. Wildhack, an Associate 
Director of the Bureau, and consisted of L. A. Guildner, 
F. K. Harris, D. P. Johnson, H. W. Lance, and A. G. 
McNish of the Bureau and G. I. Toumanoff of the Air- 
borne Instruments Laboratory, Long Island, N.Y. 

While in this country, the Soviet delegation visited 
the Bureau’s Washington and Boulder (Colo.) Labora- 
tories, the State weights and measures office at Trenton, 
N.J., and the General Radio (Boston, Mass.) and Leeds 
& Northrup (Philadelphia, Pa.) industrial facilities. 
Stops were also made at several academic institutions, 
including Harvard, M.I.T., Johns Hopkins, Brooklyn 
Polytechnic Institute, and Colorado University, and at 
the ASTM and ASA headquarters. 

Seven working days were spent in extensive visits to 


the NBS Washington laboratories. 


Time was pro- 
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vided for both group tours and individual followup 
discussions. Following the Washington visit, the team 
went to NBS Boulder for 3 days of visits and con- 
ferences. They then went to Boston, New York, Tren- 
ton, Philadelphia, and Baltimore, and returned to Wash- 
ington for final visits to the Bureau before leaving for 
home. 

While the primary purpose of the visit was to 
acquaint the delegates with measurements in this coun- 
try, the exchange of information was not entirely one 
way. Mr. Ivlev described the organization of metrol- 
ogy and standardization in the U.S.S.R. to a general 
meeting of the NBS staff; Professor Arutyunov gave a 
talk on an alternating-current three-parameter compen- 
sator; Dr. Zhokhovskiy presented talks on dead-weight 
pressure gages and thermodynamic pressure scales; and 
Mr. Zaks spoke on a thermistor bolometer for the accu- 
rate measurement of microwave power. 

Members of the group also had two meetings with 
members of the press. While at Boulder they gave a 
televised interview, and a final general press conference 
was held at Washington just prior to their departure. 
The main themes brought out by the Soviet team at 
these meetings were the similarity of the scientific work 
in the national laboratories of each country, and the 
great need for continuing, in-depth exchanges of meas- 
urement personnel. Mr. Ivlev underscored this latter 
point by his remark that “it is advisable that this ex- 
change be further widened and the exchange should 
take the form of not only delegations but of individual 
people.” Professor Arutyunov added that “Exchange 
of individual scientists improves the methodology and 
the general level of measurement technique and as 
such will serve to raise the general level of metrology 
in the two countries.” 


11963 Meeting of the International Committee on 
Weights and Measures, NBS Tech. News Bull. 48, 10 
(Jan. 1964). 

2 U.S. metrology team reports on Russian visit, NBS 
Tech. News Bull. 47 196 (Nov. 1963). 
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Technical News Bulletin, Vol. 48, No. 3, March 1964. 15 
cents. Annual subscription: $1.50; 75 cents additional for 
foreign mailing. Available on a 1-, 2, or 3-year subscription 
basis. 

CRPL Ionospheric Predictions for June 1964. Three months 
in advance. Number 15, issued March 1964. 15 cents. An- 
nual subscription: $1.50; 50 cents additional for foreign 
mailing. Available on a 1-, 2-, or 3-year subscription basis. 
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Current Issues of the Journal of Research 


J. Res. NBS 68A (Phys. and Chem.), No. 2 (Mar.—Apr. 1964) 

Tritium-labeled compounds X. Isotope effects in the oxida- 
tion of aldoses-l-t with bromine. H. S. Isbell and L. T, 
Sniegoski. 

Thermal degradation of fractionated high and low molecular 
weight polyisobutylene. D. McIntyre, J. H. O’Mara, and 
S. Straus. 

Ionization constants of the six dichloroanilines and the six 
dichlorophenols in aqueous solution at 25 °C. R. A. Rob- 
inson. 

Stereoregularity in ionic polymerization of acenaphthylene. 
V. M. Story and G. Canty. 

Dielectric behavior of the film formed on mica cleaved in 
moist air. S. Ruthberg and L. Frenkel. 

On the measurement of dielectric losses and surface con- 
ductivity of dielectrics in parallel plane test capacitors. L. 
Frenkel. 

Polymorphism of bismuth sesquioxide. 
E. M. Levin and R. S. Roth. 

Polymorphism of bismuth sesquioxide. II. Effect of oxide 
additions on the polymorphism of Bi.O;. E. M. Levin and 
R. S. Roth. 

Second spectrum of tungsten (W m1). D. D. Laun. 

tees a J. Res. NBS/USNC-URSI, Vol. 68, No. 4 (Apr. 
964). 

Some basic microwave phase shift equations. R. W. Beatty. 

A light-modulated scattering technique for diffraction field 
measurements. A. M. Vural and D. K. Cheng. 

Radiation from an aperture in a coated plane. C. M. Knop 
and G. I. Cohn. 

Impedance of a cylindrical dipole having a sinusoidal cur- 
rent distribution in a homogeneous anisotropic ionosphere. 
W. S. Ament, J. C. Katzin, M. Katzin, and B. Y.-C. Koo. 

Propagation of electromagnetic waves through a continuously 
varying stratified anisotropic medium. G. H. Price. 

Lunar semi-diurnal tides in h’F and their influence on trans- 
equatorial radio propagation. J. A. Thomas. 

Some statistical parameters related to the Nakagami-Rice 
probability distribution. W. R. Burns. 
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The U.S. National Committee Report for Commission 6 of 
URSI. Subcommission 6.3, Electromagnetics. 


Title page, contents, and corrections, Journal of Research 
67A, Physics and Chemistry (1963), 5 cents. 

Title page, contents, and corrections, Journal of Research 
67B, Mathematics and Mathematical Physics (1963), 5 cents. 

Title page, contents, and corrections, Journal of Research 
67C, Engineering and Instrumentation (1963), 5 cents. 

Title page, contents, and corrections, Journal of Research 
67D, Radio Propagation (1963), 10 cents. 


Other NBS Publications 


Shielding against gamma rays, neutrons, and electrons from 
nuclear weapons, a review and bibliography, J. H. Hubbell 
and L. V. Spencer, NBS Mono. 69 (Feb. 24, 1964), 30 cents. 

Inspection of processed photographic record films for aging 
blemishes, C. S. McCamy, NBS Handb. 96 (Jan. 24, 1964), 
25 cents. 

Calculated diffraction effects at VLF from a localized iono- 
spheric depression, J. R. Wait, NBS Tech. Note 208 (Jan. 
16, 1964), 15 cents. 

Sensitivity indices for Hall generators, S. Rubin and G. J. 
Rogers, NBS Tech. Note 233 (Feb. 6, 1964), 20 cents. 

Soviet research in field emission, 1960-1963; an annotated 
bibliography, T. W. Marton and R. Klein, NBS. Tech. Note 
234 (Feb. 24, 1964), 30 cents. 

Acrylonitrile-butadiene-styrene (ABS) plastic pipe (SDR-PR 
and Class T), CS254-63 (July 1, 1963), 10 cents. - 

Polyethylene (PE) plastic pipe (SDR-PR), CS255-63 (July 1, 
1963), 10 cents. 

Polyvinyl Chloride (PVC) plastic pipe (SDR-PR and 

Class T), CS256-63 (July 1, 1963), 10 cents. 


Publications for which a price is indicated are available by 
purchase from the Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington, D.C., 20402 (foreign postage, 
one-fourth additional). Reprints from outside journals and 
the NBS Journal of Research may often be obtained directly 
from the authors. 


Patents 


The following U.S. Patents have recently been granted on 
NBS inventions and, except as noted, are assigned to the 
United States of America as represented by the Secretary of 
Commerce. 


3,112,453 November 26, 1963. Diode Amplifier. Arthur W. 
Holt (Navy). a 

3,112,808 December 3, 1963. Balance Beam. Lloyd B. 
Macurdy. 

3,113,914 December 10, 1963. Process for Making Ozone. 


Robert A. Ruehrwein (Army). 


3,117,491 January 14, 1964. Information Retrieval Appara- 
tus. Joshua Stern. 
3,119,928 January 28, 1964. Components for a Combined 


Digital-Analog Differential Analyzer. Harold K. Skramstad. 
3,119,703 January 28, 1964. Infrared Transmitting Glasses. 
Given W. Cleek. (Navy). 
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